We show that extensive air showers (EAS) are all very similar when described by shower age and Molière length unit. This allows to analyze fluorescence and Cherenkov light emitted by showers in a unified and simple way.
Introduction
(EAS) induced by the ultra-high energy cosmic rays can be observed not only at the Earth level, where particle densities at ground detector positions can be measured (as in the AGASA experiment). In principle, the whole cascade curve N(X) (number of particles versus slant depth in the atmosphere) can be measured by detecting the fluorescence light emitted isotropically by any element of the excited atmosphere (as in the HiRes and Auger experiments). The image of a shower looked at from a side is a rather thin line, with fluorescence light intensity profile almost proportional to the ionisation energy loss along the shower track. Integrating the latter along the track would give a good estimation of the primary energy. However, the detected light is normally contaminated by a non-negligible flux of the Cherenkov light, scattered aside or emitted towards the light detector. The Cherenkov light has to be subtracted from the detected light fluxes. It is then necessary to know the shower characteristics to do so.
The angular distribution of shower electrons
We have already shown, 1 basing on shower simulations with CORSIKA, that the shape of electron energy spectrum at a given level in the atmosphere depends on the shower age s at this level only. It does not depend neither on the primary particle mass nor on its energy. Here we show further that the angular distribution of shower electrons also depends on s only. Fig. 1 shows its independence of primary energy and mass. It allows to predict the relative contributions of the fluorescence and Cherenkov light at any level of any showerindependently of the unknown primary mass and energy. Adopting some cascade curve N(X) one can find the fluorescence light emitted in the solid angle ∆Ω from the shower track element ∆X
where
is the average energy loss per one electron per unit shower track length and k is the proportionality constant. We will show that
can be found as a simple function of s, to be applied to any shower.
As both, energy and angular, distributions depend on s only it is then obvious that also the two-dimensional electron distribution of the Cherenkov electrons, defined as
where Y ch (E) is the Cherenkov light yield of one electron with energy E relative to the maximum yield k ch = 172 photons/g·cm −2 ). It is obvious that f ch depends only on s and h of the level seen. For a distant shower the lateral distribution of electrons can be neglected and the direct Cherenkov light contribution equals
We have neglected the small emission angle of the Cherenkov light.
Lateral distribution of electrons
For close showers, when the lateral thickness of the image can not be neglected (it is contained in more than 1 angular pixel of the camera) some general treatment of all such showers is possible as well. We have found that the lateral distribution of electrons at a given level, with the lateral distance expressed in Molière units at this level, is again a function of s only (Fig. 2) . Then fitting some N(X) to the data, we can predict the lateral width of the shower image, which should depend on s and h only.
